Secondary user access for IoT applications in the FM radio band using FS-FBMC by Barlee, Kenneth W. et al.
Barlee, Kenneth W. and Stewart, Robert W. and Crockett, Louise H. 
(2018) Secondary user access for IoT applications in the FM radio band 
using FS-FBMC. In: IEEE 1st World Forum on 5G, 2018-07-09 - 2018-07-
11, Hyatt Regency Santa Clara. , 
http://dx.doi.org/10.1109/5GWF.2018.8517058
This version is available at https://strathprints.strath.ac.uk/64048/
Strathprints is  designed  to  allow  users  to  access  the  research  output  of  the  University  of 
Strathclyde. Unless otherwise explicitly stated on the manuscript, Copyright © and Moral Rights 
for the papers on this site are retained by the individual authors and/or other copyright owners. 
Please check the manuscript for details of any other licences that may have been applied. You 
may  not  engage  in  further  distribution  of  the  material  for  any  profitmaking  activities  or  any 
commercial gain. You may freely distribute both the url (https://strathprints.strath.ac.uk/) and the 
content of this paper for research or private study, educational, or not-for-profit purposes without 
prior permission or charge. 
Any correspondence concerning this service should be sent to the Strathprints administrator: 
strathprints@strath.ac.uk
The Strathprints institutional repository (https://strathprints.strath.ac.uk) is a digital archive of University of Strathclyde research 
outputs. It has been developed to disseminate open access research outputs, expose data about those outputs, and enable the 
management and persistent access to Strathclyde's intellectual output.
Abstract,Q WKLV SDSHU D '\QDPLF 6SHFWUXP $FFHVV '6$
3K\VLFDOOD\HU3+<WHFKQLTXHLVSURSRVHGWKDWDOORZV6HFRQGDU\




8VLQJ WRROV VXFKDVD VWUXFWXUHGJHRORFDWLRQGDWDEDVHRI OLFHQVHG




)&& WKH RSHUDWLRQ RI D )%0& )LOWHU %DQN 0XOWL&DUULHU
WUDQVPLWWHULVGHPRQVWUDWHGIRUDQXUEDQHQYLURQPHQWDQGWKURXJK
µILHOG WHVW¶ VLPXODWLRQ LW LV VKRZQ WKDW WKH 2XW 2I %DQG 22%
OHDNDJHRIWKHSURSRVHG3+<HQHUJ\LQWKHµKROHV¶WKDWFDQLQWHUIHUH
ZLWKWKH38LVG%ORZHUWKDQWKDWRIXVLQJDQHTXLYDOHQW2)'0
3+< 7KH UHVXOWV VKRZ WKDW WKH SURSRVHG 3+< LV D VXLWDEOH
FDQGLGDWH IRU '6$68 FRPPXQLFDWLRQ HJ LQ VPDUW FLW\ ,R7
DSSOLFDWLRQVZKLOVWHQVXULQJWKHLQWHJULW\RILQFXPEHQW38VLJQDOV
,,1752'8&7,21
2YHU UHFHQW \HDUV WKH SUROLIHUDWLRQ RI ZLUHOHVV PRELOH
VHUYLFHV DQG DSSOLFDWLRQV KDV OHG WR WKH VR FDOOHG µVSHFWUXP




EH D UHVXOW RI WKH ODUJHO\ VWDWLF DOORFDWLRQ SROLF\ XVHG E\
UHJXODWRUVDURXQGWKHZRUOGUDWKHUWKDQWKHSK\VLFDOVKRUWDJHRI
DYDLODEOH EDQGV 7R JLYH DQ H[DPSOH LQ WKH +LJKODQGV DQG
,VODQGV RI 6FRWODQG ZKHUH FHOOXODU VHUYLFH LV VSDUVH DQG RIWHQ









DEOH WR DFFHVV WKH VSHFWUXP DQG HVWDEOLVK FRPPXQLFDWLRQ
FKDQQHOV RQ DQ XQOLFHQVHG EXW FRQWUROOHG EDVLV :LWK
DSSURSULDWH UHJXODWRU\ IUDPHZRUNV '6$ ZLOO VHH OLFHQVHG






PRGXODWLRQ VFKHPHV $V WKH EDQGV DUH OLNHO\ WR EH 1RQ
&RQWLJXRXV1&G\QDPLFPRGXODWLRQWHFKQLTXHVZLWKYDULDEOH
VSHFWUDO PDVNV VKRXOG EH XVHG 7KHVH UHTXLUHPHQWV SRLQW WR
6RIWZDUH 'HILQHG 5DGLR 6'5 LPSOHPHQWDWLRQV +HUH
HQJLQHHUV FDQ GHYHORS IOH[LEOH 3K\VLFDO /D\HUV 3+<V IRU
LPSOHPHQWDWLRQRQSURJUDPPDEOHKDUGZDUH7RGDWHUHJXODWRUV
VXFKDVWKH)&&86$DQG2IFRP8.KDYHQRWSHUPLWWHGWKLV





5HFHQW H[DPSOHV RI '6$ LQ DFWLRQ LQFOXGH WKH PDQ\ 79

















 0+] WKH WHFKQLTXHV WKH\ KDYH GHYHORSHG DUH DOVR
DSSOLFDEOHWRRWKHUEDQGV)05DGLRZDYHV0+]LQPRVW
FRXQWULHV KDYH H[FHOOHQW SURSDJDWLRQ FKDUDFWHULVWLFV DQG DUH




















































ZLWK WKH 38 1& 2)'0 RQH RI WKH IDYRULWH 1& VFKHPHV
SUHVHQWHG LQ WKH OLWHUDWXUH²>@>@ DOORZV VXEFDUULHUV WR EH
GLVDEOHGEXWGXHWRWKHIDFWLWXVHVUHFWDQJXODUSXOVHVKDSLQJLW
KDVYHU\KLJK22%SRZHUOHYHOV>@)%0&FDQDOVRWUDQVPLW1&
FKDQQHOV DQG GHSHQGLQJ RQ WKH SURWRW\SH ILOWHU FKRVHQ FDQ














XQGHU GLIIHUHQW WUDQVPLW SRZHU OHYHOV $ WHVW PHWKRGRORJ\ LV
GLVFXVVHGLQ6HF9DQGTXDOLWDWLYHDQGTXDQWLWDWLYHUHVXOWVDUH
REWDLQHG DQG SUHVHQWHG 7KH SURSRVHG )%0& WUDQVPLWWHU LV
VKRZQWRFDXVHVLJQLILFDQWO\OHVVLQWHUIHUHQFHWKDQDQHTXLYDOHQW











UHDO DQG LPDJLQDU\ FRPSRQHQWV RI FRPSOH[ 4$0 V\PEROV
LQGLYLGXDOO\WRWKH,QYHUVH)DVW)RXULHU7UDQVIRUP,))7DQG
WUDQVPLWWLQJWKHPZLWKDWLPHRIIVHWRIKDOIDV\PERO>@,QD
SUDFWLFDO VHQVH WKLV PHDQV GRXEOLQJ WKH V\PERO UDWH DQG
DOWHUQDWHO\LQSXWWLQJWKHUHDODQGLPDJLQDU\FRPSRQHQWVWRHYHQ
LQGH[HGDQGRGGLQGH[HGVXEFKDQQHOV,))7ELQV>@6SOLWWLQJ




RUGHU WR SURWHFW WKH RUWKRJRQDOLW\ RI WKH VXEFDUULHUV 7KH UHDO
SURWRW\SH ILOWHU XVHG IRU )%0&24$0 UHVXOWV LQ H[FHOOHQW
IUHTXHQF\ DQG WLPH ORFDOLVDWLRQ PHDQLQJ WKDW LW LV OHVV
VXVFHSWLEOH WR,QWHU&DUULHUDQG,QWHU6\PERO,QWHUIHUHQFH,&,
DQG,6,>@$QRWKHUDGYDQWDJHEHFRPHVFOHDULQWKH0XOWLSOH




WR PDLQWDLQ RUWKRJRQDOLW\ FRQGLWLRQV LQ WKH UHFHLYH ))7 ,Q
FRQWUDVW RQFH DQ HPSW\ 24$0 VXEFKDQQHO LV OHIW EHWZHHQ
JURXSV WUDQVPLWWHU V\QFKURQLVDWLRQ EHWZHHQ 0$ QRGHV LV QRW





LQ WKH OLWHUDWXUH DUH WKHPolyphase Network 331)%0&DQG
Frequency Spreading)6)%0&&RQILJXUHGZLWKHTXLYDOHQW
SDUDPHWHUV DQG SURWRW\SH ILOWHU GHVLJQV ERWK RI WKHVH
DUFKLWHFWXUHVZLOODFKLHYHWKHVDPHVSHFWUD>@DQGDVZLOOEH
GLVFXVVHG WKHUH DUH DGYDQWDJHV DQG GLVDGYDQWDJHV WR HDFK RI
WKHP 7KH ILOWHU EDQN H[LVWV HLWKHU LQ WKH WLPH RU IUHTXHQF\
GRPDLQGHSHQGLQJXSRQZKLFKDUFKLWHFWXUHLVFKRVHQ








LQ WKH WLPHGRPDLQ XQOLNH WKH VLQJOH WDSSURFHVV UHTXLUHG IRU
2)'0ZKLFKDGGVDSURFHVVLQJRYHUKHDGDQGDWLPHGHOD\>@
&DUULHU )UHTXHQF\ 2IIVHW &)2 DQG 7LPLQJ V\QFKURQLVDWLRQ
PXVWDOVREHSHUIRUPHGLQWKHWLPHGRPDLQSULRUWRWKHUHFHLYHU¶V
))7 7LPHGRPDLQ PLVDOLJQPHQW VLJQLILFDQWO\ UHGXFHV WKH
DPRXQWRIFKDQQHOGHOD\VSUHDGWKHUHFHLYHUFDQFRPSHQVDWHIRU











µRYHUODSSHG DQG VXPPHG¶ WRJHWKHU >@ :KLOH WKHUH LV D
VLJQLILFDQWDPRXQWRI UHGXQGDQWSURFHVVLQJ LQ WKLV WUDQVPLWWHU
WKH JDLQV DUH PDGH LQ WKH )6 UHFHLYHU &)2 DQG 7LPLQJ
V\QFKURQLVDWLRQ V\VWHPV FDQEHSRVLWLRQHG DIWHU WKH UHFHLYHU¶V
))7DQGVLPLODUO\HTXDOLVDWLRQFDQEHSHUIRUPHGDVDVLQJOHWDS








3URWRW\SH ILOWHUV DUH QRUPDOO\ GHVLJQHG LQ WKH IUHTXHQF\
GRPDLQ UHJDUGOHVV RI ZKLFK DUFKLWHFWXUH LV ODWWHUO\ XVHG 7KH
ILOWHULVV\PPHWULFDQGWKHQXPEHURIQRQ]HURFRHIILFLHQWVRI








WKDW RQO\ VXEFKDQQHOV WKDW DUH GLUHFW QHLJKERXUV RYHUODS
'LVDEOLQJDVLQJOHVXEFKDQQHOZKLFKFDQEHDFKHLYHGE\VLPSO\
LQSXWWLQJD]HURYDOXHG24$0V\PEROWRWKHWUDQVPLWWHUFUHDWHV
VSHFWUDO VHSDUDWLRQ EHWZHHQ WKH UHPDLQLQJ VXEFKDQQHOV
UHPRYLQJ WKH UHTXLUHPHQW RI RUWKRJRQDOLW\ EHWZHHQ WKHP
'LVDEOLQJDQXPEHURIQHLJKERXULQJVXEFKDQQHOVZLOOFUHDWHD
µKROH¶LQWKHJHQHUDWHG)%0&24$0VLJQDOHVVHQWLDOO\PDNLQJ
LW 1& 7KH UROORII RI WKH   ILOWHU PHDQV WKDW ZLWKLQ 
VXEFKDQQHOVSDFLQJVWKHSRZHURIWKH22%OHDNDJHLQWKHKROHV
















  WKH RYHUODSSLQJ 24$0 VXEFKDQQHOV KDYH D
EDQGZLGWKRIN+]DQGDWRWDORI24$0VXEFKDQQHOVFDQ
ILWLQVLGHHDFKVWDQGDUGN+]ZLGHµ)0FKDQQHO¶*LYHQWKH
$&/5 OLPLWV GLVFXVVHG LQ 6HF ,, LW ZDV GHFLGHG WKDW WKH
3+<'<$6 ILOWHU ZLWK LWV G% 22% DWWHQXDWLRQ ZRXOG EH
VXIILFLHQWIRUWKHH[HUFLVH
7KHWUDQVPLWWHUZDVGHYHORSHGLQ6LPXOLQNXVLQJORZOHYHO
FRPSRQHQWV IURP WKH 0DWK:RUNV +'/ &RGHU OLEUDU\ 7KLV
PHDQV WKDW ODWHU WKHGHVLJQFDQEH WDUJHWHG WRSURJUDPPDEOH
6'5KDUGZDUH$QHTXLYDOHQWV\VWHPZDVDOVREXLOWIRUDQ1&
2)'0WUDQVPLWWHUWRDOORZIRUFRPSDULVRQ
7KHGHVLJQVHHV4$0V\PEROVJHQHUDWHGDWDUDWHRI   
$ FKDQQHO PDVN LV DSSOLHG ZKLFK ZLOO VHH VRPH VXEFKDQQHOV
GLVDEOHGWRSURWHFWWKH38VWKLVZLOOEHGLVFXVVHGLQJUHDWHUGHWDLO





LQWR D EDQN RI ),)2V )LUVW,Q )LUVW2XW PHPRU\ XQLWV 7KH
RXWSXWVDUHFORFNHGVXFKWKDWVDPSOHVDUHRXWSXWDWWKHRULJLQDO
V\PERO UDWH  DQG WKH)%0&V\PEROVDUH µRYHUODSSHG¶DQG
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Sample Serialiser for Hardware
(ixed point, valid line)
valid
data
Rate = 1/ Rate = 1/(2    )
PHYDYAS
Filter
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KDG WREHREWDLQHG WRGR WKLV DQG WKHVHZHUH DFTXLUHGZLWK D
8653%6'5IURPWKHWRSRIDEXLOGLQJRQWKH6WUDWKFO\GH
8QLYHUVLW\ FDPSXV 55.860876°N, 4.243672°W $Q  VHFRQG
UHFRUGLQJRI WKHHQWLUHEDQGZDVPDGH WKDWZRXOG ODWHUDOORZ
LQWHUIHUHQFH WREHJDXJHGERWKTXDQWLWDWLYHO\DQGTXDOLWDWLYHO\
YLDOLVWHQLQJWHVWV$WRWDORIUHFHLYDEOHGHPRGXODWHDEOH




 NP DZD\ 7KH GXSOLFDWH 'DUYHO VWDWLRQV ZHUH PXFK ORZHU










VSDFHFKDQQHOPRGHO WKHH[SHFWHGSRZHUZDV IRXQG WREH
:G%P$VWKLVPRGHOGRHVQRWWDNHLQWRDFFRXQWWKH
DQWHQQD KHLJKW GLIIHUHQFH ZKLFK ZDV DSSUR[LPDWHO\ P
EHWZHHQ WKH WUDQVPLWWHU DQG WKH 8653 UHFHLYHU D VHFRQG
FDOFXODWLRQ ZDV SHUIRUPHG XVLQJ WKH 3HUH]9HJD =DPDQLOOR 









A. Dynamic Generation of a Spectral Mask
:LWKQRH[LVWLQJJHRORFDWLRQGDWDEDVHIRUWKH)0IUHTXHQF\





































LVRODWHG 7KH FM+SU RYHUOD\ VLJQDOV ZHUH PL[HG ZLWK D
FRPSOH[VLQHZDYHWRVKLIWHDFKDFWLYH)0FKDQQHOWREDVHEDQG
LQWXUQDQGGHFLPDWLRQE\DIDFWRURIZDVSHUIRUPHG
C. Quantitative Measurement of Interference
7KHDYHUDJHSRZHUIRUHDFKRIWKH)0DQG68VLJQDOV








































)LJ  VKRZV WKH DYHUDJH 6,5 H[SHULHQFHG DFURVV DOO )0







68 WUDQVPLW SRZHU RI  : DV GHPRQVWUDWHG LQ )LJ  WKH
LQWHUIHUHQFHRIWKH3+<'<$6VLJQDOLVQHJOLJLEOHKRZHYHU1&
2)'0LVVKRZQWRVLJQLILFDQWO\GHJUDGHWKHTXDOLW\RIWKH)0









D. Qualitative Measurement of Audio Interference
(DFKRI WKHDFWLYH)05DGLRFKDQQHOVIURPWKHSRZHU
DGMXVWHGUHFRUGLQJRIWKH)0EDQGZHUHSURFHVVHGE\D&RPSOH[
)UHTXHQF\ 'LVFULPLQDWRU LQ 6LPXOLQN LQ RUGHU WR H[WUDFW WKH
DXGLRVLJQDOFRQWDLQHGZLWKLQ>@7KHRXWSXWVZHUHVDYHG WR
.wavILOHVFUHDWLQJDµJROGHQ¶UHIHUHQFHVHWRIGHPRGXODWHG)0
DXGLR VLJQDOV IRU ODWHU FRPSDULVRQ1H[W WKHFM+SU RYHUOD\





 DZDUGHG E\  OLVWHQHUV GHSHQGLQJ RQ SHUFHLYHG TXDOLW\
 WHUULEOH H[FHOOHQW7KHUHVXOWVRIWKLVH[HUFLVHDUHVKRZQ
LQ )LJ  :KLOH WKHVH DUH LQKHUHQWO\ VXEMHFWLYH WKH WUHQG LV
FRQVLVWHQW ZLWK WKH TXDQWLWDWLYH UHVXOWV REWDLQHG $V WKH 1&
2)'0WUDQVPLWSRZHULVLQFUHDVHGWKHTXDOLW\RIWKHUHFHLYHG
38 VLJQDOV UDSLGO\ GHFUHDVHV ZKHUHDV ZLWK WKH 3+<'<$6
)%0& VLJQDO WKH TXDOLW\ UHPDLQV KLJK $W WKH PD[LPXP
WUDQVPLWSRZHUWHVWHGVWDWLRQVRIWKHRULJLQDOO\UDWHGDW
026FRXOGVWLOOEHUHFHLYHGSHUIHFWO\ZLWKRXWDQ\QRWLFHDEOH
LQWHUIHUHQFH 7KH  VWDWLRQV WKDW GLG EHFRPH RYHUSRZHUHG E\
3+<'$6 22% LQWHUIHUHQFH DW : WUDQVPLW SRZHU ZHUH DOO



















ZRXOG EH DYDLODEOH ,Q WKH 0$ VFHQDULR VRPH DGGLWLRQDO
VXEFKDQQHOV ZRXOG QHHG WR EH GLVDEOHG LQ RUGHU WR FUHDWH WKH
UHTXLUHGVSHFWUDOVHSDUDWLRQEHWZHHQWKRVHDJJUHJDWHG7RJLYH
DQH[DPSOHZLWK WKHPDVN LQTXHVWLRQ LI JURXSVRI24$0
VXEFKDQQHOV   VHSDUDWRU ZHUH XVHG  DJJUHJDWHG FKDQQHOV
ZRXOGEHDYDLODEOHIURPDVLQJOH)%0&EDVHVWDWLRQHDFKZLWK
DEDQGZLGWKRIN+]




 sFM SU n( )  PFM±n  N¦ 
sFM sFM SU




















All Channels: PHYDYAS FBMC overlay
All Channels: NC-OFDM overlay
Darvel Omitted: PHYDYAS FBMC overlay
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PREAMBLE DATA TRANSMISSIONK = 4 Filter
Transitions
DnD1 D2 D3 D4P1 P2FBMC Symbols
Pilots
)LJ3RWHQWLDOEXUVWVWUXFWXUHIRUWKH3+<'<$6)%0&VFKHPH>@
FRPSOH[LW\ WUDQVPLWWHUV 2QO\  ,))7 ELQV  24$0
VXEFKDQQHOV ZRXOGEHUHTXLUHGIRUWUDQVPLWWHUVLQWKLV0$
H[DPSOH GUDVWLFDOO\ GHFUHDVLQJ WKH QXPEHU RI PXOWLSO\













DQG WKH GHVLJQHG 3+<'<$6 )%0&24$0 WUDQVPLWWHU KDV
GHPRQVWUDWHGWKHVHFDSDELOLWLHV7KURXJKµILHOGWHVW¶VLPXODWLRQV







UDWHV JHRJUDSKLFDO FRYHUDJH DQG SHUIRUPDQFH DUH EHLQJ
GHPRQVWUDWHGDQGDVVHVVHG*RLQJ IRUZDUG LW LVSURSRVHG WKDW
'6$)%0&V\VWHPV VXFKDV WKHRQHSUHVHQWHG LQ WKLVSDSHU
XQGHUSLQQHG E\ HLWKHU D JHRORFDWLRQ GDWDEDVH RU VSHFWUXP
VHQVLQJWRLGHQWLI\VXLWDEOHFKDQQHOVDUHSULPH3+<FDQGLGDWHV
IRUWKHQHZ*,R7HUD
$FNQRZOHGJHPHQWV 7KLV ZRUN ZDV FRIXQGHG E\ WKH
0DWK:RUNV'&5*JUDQWRQDynamic Spectrum Access for 5G
Communications  2016-2018.
5()(5(1&(6
>@ 4 =KDR DQG % 0 6DGOHU ³$ 6XUYH\ RI '\QDPLF 6SHFWUXP
$FFHVV´LQIEEE Signal Process. Mag.YROQRSS
0D\
>@ ( +RVVDLQ ' 1L\DWR = +DQ Dynamic Spectrum Access and
Management in Cognitive Radio Networks VW (GLWLRQ
&DPEULGJH8.&DPEULGJH8QLYHUVLW\3UHVV
>@ '&UDZIRUG0D\The Glasgow TVWS Pilot, Introduction
and Overview.&:6&>2QOLQH@$YDLODEOH
KWWSZZZZLUHOHVVZKLWHVSDFHRUJUGUJODVJRZSLORWKWPO
>@ * :KLWWRQ  0D\ TVWS Orkney Islands &ORXG1HW ,7
6ROXWLRQV/WG>2QOLQH@$YDLODEOH
KWWSZZZZLUHOHVVZKLWHVSDFHRUJUGURUNQH\SLORWKWPO
>@ ' 2WHUPDW & 2WHUR , .RVWDQLF ³$QDO\VLV RI WKH )0 5DGLR
6SHFWUXP IRU ,QWHUQHW RI 7KLQJV 2SSRUWXQLVWLF $FFHVV 9LD
&RJQLWLYH 5DGLR´ LQ WF-IoT15 0LODQ ,7 SS  'HF

>@ ' 2WHUPDW & 2WHUR , .RVWDQLF ³$QDO\VLV RI WKH )0 5DGLR
6SHFWUXP IRU 6HFRQGDU\ /LFHQVLQJ RI /RZ3RZHU 6KRUW5DQJH
&RJQLWLYH,QWHUQHWRI7KLQJV'HYLFHV´LQIEEE Access2FW
>@ 5 5DMEDQVKL $ :\JOLQVNL * 0LQGHQ ³$Q (IILFLHQW





>@ 5 *HU]DJXHW HW DO ³7KH * FDQGLGDWH ZDYHIRUP UDFH D
FRPSDULVRQRIFRPSOH[LW\DQGSHUIRUPDQFH´LQEURASIP Journal
on Wireless Commun. and Networking-DQ
>@9%HUJ-'RUp'1RJXHW³$)OH[LEOH)6)%0&5HFHLYHUIRU
'\QDPLF 6SHFWUXP $FFHVV´ LQ CROWNCOM14 2XOX ), SS
-XO
>@)&& ³Unlicensed Operation in the TV Broadcast Bands´ 86
)HGHUDO5HJLVWHUYROQRSS)HE
>@2IFRP ³Cognitive Access, Statement on licence-exempting
cognitive devices using interleaved spectrum´-XO
>@,785 ³Planning standards for terrestrial FM sound
broadcasting at VHF´5HFRPPHQGDWLRQ%6'HF
>@0%HOODQJHU³)6)%0&DIOH[LEOHUREXVWVFKHPHIRUHIILFLHQW
PXOWLFDUULHU EURDGEDQG ZLUHOHVV DFFHVV´ LQ IEEE Globecom
Workshops$QDKHLP86$'HF
>@36LRKDQ³$QDO\VLVDQG'HVLJQRI2)'024$06\VWHPV%DVHG
RQ)LOWHUEDQN7KHRU\´LQIEEE Trans. On Signal Proc.YROQR
SS0D\
>@%)DUKDQJ%RURXMHQ\³2)'09HUVXV)LOWHU%DQN0XOWLFDUULHU´
LQ,EEE Signal Process. Mag.YROQRSS0D\




&KDOOHQJHV DQG SURSRVHG VROXWLRQV´ LQ CROWNCOM'14 2XOX
),SS-XO
>@' 0DWWHUD 0 7DQGD 0 %HOODQJHU ³$QDO\VLV RI DQ )%0&
24$0 VFKHPH IRU DV\QFKURQRXV DFFHVV LQ ZLUHOHVV
FRPPXQLFDWLRQV LQ EURASIP Journal on Advances in Signal
Processing0DU
>@$9LKRODLQHQ7 ,KDODLQHQ76WLW]05HQIRUV0%HOODQJHU
³3URWRW\SH ILOWHU GHVLJQ IRU ILOWHU EDQN EDVHG PXOWLFDUULHU
WUDQVPLVVLRQ´ LQ EUSIPCO09 *ODVJRZ 8. SS 
$XJ
>@- 'RUp 9 %HUJ 1 &DVVLDX ' .WpQDV ³)%0& UHFHLYHU IRU
PXOWLXVHU DV\QFKURQRXV WUDQVPLVVLRQ RQ IUDJPHQWHG VSHFWUXP´








Broadcasting Applications and Outdoor Communication Systems
in the VHF and UHF Bands. >2QOLQH@$YDLODEOH
KWWSSHUVRQDOHVXQLFDQHVSHUH]YUSGI)&&0RGHO3')
>@2IFRP³Implementing TV White Spaces´)HE
>@56WHZDUW.%DUOHH'$WNLQVRQ/&URFNHWWSoftware Defined
Radio using the MATLAB & Simulink and the RTL-SDR*ODVJRZ
8.6WUDWKFO\GH$FDGHPLF0HGLD6HS
>@. %DUOHH  2FW FS-FBMC Based Communication in the




)%0&24$0 LQ KLJKO\ IUHTXHQF\ VHOHFWLYH FKDQQHOV´ LQ
ISWCS14%DUFHORQD(6SS$XJ
K×
